The Cys-X-Cys branch (␣ chemokines) is characterized by the towards the supernatants of five different human myeloid leuseparation of the first two cysteines by an intervening amino 
Materials and methods

Introduction
Isolation of monocytes
Human monocytes and macrophages are implicated in the killing of a variety of targets, including tumor cells. [1] [2] [3] In recent years, research in our laboratory on monocyte-mediated cytoHeparinized peripheral blood was taken from healthy voluntoxicity (MMC) towards leukemic targets showed that interteer donors and monocytes were isolated according to the feron-␥ (IFN-␥)-activated monocytes exert cytotoxic activity method described by Freundlich and Avdalovic. 16 Monoagainst human myeloid leukemic cell lines and blasts from nuclear leukocytes were obtained by centrifugation for 25 min patients with AML. 4, 5 There is a selectivity in this cytotoxicity at 675 g (room temperature) on Lymphoprep medium (␦ = towards maturation: relatively mature human myeloid leu-1.077 g/cm 3 ; Nycomed, Breda, The Netherlands). Monokemic cell lines (U937, THP1, HL60-D3) and AML blasts nuclear cells were resuspended in RPMI-1640 medium (Life (French-American-British (FAB) classification M2, M4, M5b) Technologies, Paisley, UK) containing 2 mm l-glutamine and are more sensitive to MMC as opposed to immature myeloid supplemented with 20% fetal calf serum (FCS; Life cell lines (HL60, KG1, K562) and AML blasts (FAB classiTechnologies) (RPMI/20% FCS). fication M1, M5a). 6 Five milliliters of mononuclear cells (concentration 2-With respect to MMC in vivo, at least two processes are 4 × 10 6 /ml) per flask were allowed to adhere to gelatin-coated, involved: firstly, migration of the monocytes to leukemic cells plasma-treated culture flasks for 40 min at 37°C. Nonadherent and secondly, direct toxic effect of the monocytes on leucells were removed by washing with prewarmed (37°C) RPMI. kemic cells. Since tumor cells are reported to produce monoAdherent cells were recovered by incubation with 5 ml of a cyte chemoattractant protein-1 (MCP-1), 7,8 we hypothesized 1:2 mixture of 10 mm ethylenediaminotetraacetate (EDTA; that differences in this production might play a role in the Sigma, Bornem, Belgium) in Ca 2+ and Mg 2+ free phosphateselectivity in MMC.
buffered saline (PBS) and RPMI/20% FCS. Monocytes were MCP-1 belongs to the chemokine superfamily, which is centrifuged and resuspended in a final concentration of bipartite, with the two branches being classified according to 1 × 10 6 /ml in RPMI/10% FCS, supplemented with 100 U/ml the position of the first two cysteines in the conserved motif.
penicillin and 100 g/ml streptomycin (further referred to as 'complete medium') and stored overnight at 4°C. In this way, a highly purified population of monocytes (Ͼ95% as judged 
Target cells Quantification of MCP-1 concentration
The MCP-1 concentration in the supernatants was measured KG1 and HL60 (both immature myeloblastic leukemia), THP1 and U937 (both mature monocytic leukemia), Nalm 6 and using a sandwich ELISA assay. A 96-well plate (Greiner, Frickenhausen, Germany) was coated with 100 l/well mono-697 (both early B cell lymphatic leukemia), CEM and MOLT-4 (both early T cell lymphatic leukemia) cells (American Type clonal anti-hMCP-1 (a kind gift from Dr A Mantovani, Institute for Pharmacological Research, Mario Negri, Milano, Italy) in Culture Collection, Rockville, MD, USA) were maintained in complete medium at 37°C, 5% CO 2 and 90% relative PBS and incubated overnight at 4°C. Then the wells were incubated with 150 l/well of blocking buffer (PBS/0.05% humidity. HL60-D3 (mature monocytic leukemia) cells were obtained by incubating HL60 cells for 3-4 days with 10 −7 m Tween 20/0.2% gelatin) for 60 min at room temperature. Plates were washed (PBS/0.05% Tween 20) and 100 l/well 1,25(OH) 2 D 3 for differentiation. After 3-4 days of culture, the supernatants of the leukemic cells (concentration 2.0-leukemic cell supernatant was added. A standard curve of human recombinant MCP-1 (R & D Systems) was assayed in 2.5 × 10 6 /ml) were harvested. Part of the supernatants was freshly used in the migration assay and a part was stored at parallel on every ELISA plate. After 1 h of incubation, the plates were washed and 100 l/well polyclonal MCP-1 anti-−30°C for subsequent determination of MCP-1 concentration with an ELISA assay.
body (goat-anti-human; R & D Systems) was added. After another hour of incubation, plates were washed, 100 l perBlasts from three AML patients were either thawed or used freshly (blast percentage Ͼ80) and cultured in complete oxidase-conjugated anti-IgG (swine-anti-goat; Tago, Camarillo, CA, USA) was added and incubated for 60 min at room medium at 37°C, 5% CO 2 and 90% relative humidity for 7 (patient 1) or 8 (patients 2 and 3) days, after which the supertemperature, followed by washing. Subsequently, 100 l/well peroxidase substrate (consisting of 200 l 3,3,5,5 tetramethylnatants were collected and used for subsequent migration and MCP-1 ELISA assay.
benzidine in DMSO and 12 ml of 0.11 m sodiumacetate (pH 5.5) and 1.5 l of perhydrol 30% H 2 O 2 (Merck, Darmstadt, Germany)) was added, plates were incubated for 15 min at room temperature and the reaction was stopped by adding Migration assay 50 l/well 2 m H 2 SO 4 . The absorbance at 450 nm was then measured spectrophotometrically in an EL 312e microplate For the migration assay the 48 wells modified Boyden chamber, as described by Falk et al 17 was used. The lower reader (Bio-Tek Instruments, Winooski, VT, USA) and the concentration of MCP-1 was determined from the standard curve chamber compartments were filled with 27 l supernatant of human leukemic cell lines, the upper chamber compartments of MCP-1. The lower detection limit of this MCP-1 ELISA assay was 30 pg/ml. with 50 000 monocytes (50 l of a concentration of 1 × 10 6 monocytes/ml). To assess for chemokinesis (the coincidental movements of monocytes under the influence of supernatant) the monocytes were suspended in the same supernatant as MTT cytotoxicity assay in the lower compartment instead of in complete medium. Complete medium and 10 −8 m N-formylmethionyl-leucylThe modified colorimetric MTT assay based on the selective ability of living cells to reduce MTT (3-[4,5-dimethylthiazolphenylalanine (fMLP) were used as negative and positive controls, respectively.
2-yl]-2,5 diphenyl tetrazolium bromide) to formazan was used as a cytotoxicity assay as described previously. 20 Monocytes In the blocking experiments, anti-hMCP-1 polyclonal antibody (goat-anti-human; R & D Systems, Abingdon, UK) was were either preincubated with recombinant MCP-1 (see above) in a concentration of 25, 50 or 100 ng/ml for 10 or added to the supernatants in the lower chamber compartments in the concentration of 75 g/ml. It was previously 60 min or coincubated during the period of the cytotoxicity assay (24, 48 or 72 h). Cytotoxicity of these pretreated monoshown that this antibody blocks MCP-1 specifically. 18 Moreover, we used anti-RANTES polyclonal antibody (75 g/ml, cytes was compared to cytotoxicity of non-pretreated monocytes. Monocytes were incubated with U937 or KG1 cells at goat-anti-human; R & D Systems) as negative control. A silicon gasket was used between the lower and upper comparteffector to target cell (E:T) ratio 0.5 or 1.0 in a total volume of 100 l/well. The choice of these two cell lines was based ment to obtain a perfect seal. A polyvinyl pyrrolidone-free polycarbonate filter (Costar, Cambridge, UK) with 5 m pores on the fact that one cell line (U937) is mature and sensitive to cytotoxic (IFN-␥-stimulated) monocytes and the other one was placed between the lower compartment and the gasket to allow the migrated monocytes to adhere to the filter.
19 Sub-(KG1) is immature and resistant to cytotoxic monocytes. 5 All experiments were performed in triplicate in 96-well roundsequently, for the migration and chemokinesis experiments, the chamber was incubated for 90 min at 37°C, 5% CO 2 and bottomed microtiter culture plates (Greiner). Both monocytes and U937 or KG1 cells were incubated separately in the 90% relative humidity. After incubation the chamber was diassembled, the filter removed and the upper side was appropriate concentrations as controls. Growth of U937 or KG1 cells was used as a control for the effect of unstimulated washed in PBS; the non-migrated monocytes on the upper side were removed using a wiper blade. The filter was dried (0 ng/ml MCP-1) or stimulated (25, 50 or 100 ng/ml MCP-1) monocytes. Also, U937 and KG1 cells, as well as THP1 and and the cells were fixed and stained for 5 min in Coomassie Blue (2.5 g/l Coomassie Brilliant Blue in 45.4% methanol, HL60 cells were pre/coincubated with MCP-1 in the same way as monocytes (25, 50 or 100 ng/ml MCP-1) to assess the 45.4% distilled water and 9.2% acetic acid) and air dried.
The number of migrated monocytes in 1 mm 2 (= 1/8 part of possible effect of MCP-1 on growth of these tumor cells. After the incubation period (24, 48 or 72 h) each well was incuthe well) was counted by microscopic examination and calculated as percentage of the positive control. Since there were bated for 4 h with 10 l MTT (Sigma M2128, Bornem, Belgium; 5 mg/ml). The culture medium supernatant was aspiseveral donors of monocytes and there existed an interindividal variation in their migration, we calculated the migration rated from the wells after which the formazan crystals were dissolved in 150 l/well dimethyl sulphoxide (DMSO 100%; of monocyte as percentage of positive control.
Sigma D-8779 ACS) with addition of 25 l/well glycine (0.1 m bution of chemokinesis has also been depicted and was low for all cell lines (Ͻ10.0 ± 3.0%). There were large differences glycine, pH 10.5; Sigma G-7126). The absorbance was recorded directly on a multi-well microtiter plate reader in the amount of migration of monocytes to the different leukemic cell supernatants. For U937, HL60 and HL60-D3 cell (BioRad Model 3550, Richmond, CA, USA) at a wavelength of 540 nm. Percentage of cytotoxicity was calculated relative supernatants, the migration was higher, compared to their own negative control (chemokinesis). to the optical density (OD) of control U937 or KG1 cells by the following equation:
The result of migration of monocytes to the four lymphatic leukemic cell lines is shown in Figure 1b . In all four cases, the amount of migration of monocytes was low and showed (1 − [A − B] Z ) × 100% no significant difference compared to chemokinesis. Figure 2 shows the relationship between the amount of in which A represents the OD of residual U937 or KG1 target migration of monocytes to tumor cell supernatants and the cells co-cultured with (activated) monocytes, B represents the concentration of MCP-1 in the same supernatants. Since there OD of (activated) monocytes in control wells and Z represents was a high positive correlation (r = 0.98; P Ͻ 0.01) between the OD of U937 or KG1 cells with or without MCP-1 in these two parameters, subsequently the role of MCP-1 has control wells.
been studied by blocking experiments. In Figure 3a (myeloid leukemic cell supernatants) and 3b
Statistical analysis (lymphatic leukemic cell supernatants) the results of migration of monocytes after adding anti-hMCP-1 are depicted. In KG1 All numbers are given as mean ± standard deviation (s.d.).
and THP1 cell lines, as well as in all lymphatic cell lines, Statistical significance (P Ͻ 0.05) was assessed using the which already have low chemotactic activity and low MCPStudent's t-test.
1 concentration in the supernatant, anti-hMCP-1 had no effect on the amount of migration. In U937, HL60 and HL60-D3 cell lines, however, anti-hMCP-1 inhibited migration to Results chemokinesis level. In every cell line, an antibody to another In Figure 1a the result of migration of monocytes to the five possible chemokine, anti-RANTES (75 g/ml) was added in at myeloid leukemic cell supernatants is shown. The contrileast one of the experiments. This had no inhibitory effect on the amount of migration of monocytes (data not shown). Figure 4 shows the results of the migration assays and MCP1 ELISA assays, performed with supernatants from patientderived AML blasts, harvested on the last culture day. In patient 1, the migration of monocytes did not reach chemokinesis level and was not influenced by the addition of antih-MCP1. The concentration of MCP-1 was low. In patients 2 and 3, however, the amount of monocyte migration was higher and was inhibited to chemokinesis level when antihMCP-1 was added. MCP-1 concentration in these supernatants was higher.
Next, we tested whether the presence of MCP-1 might stimulate monocytes to enhance direct cell kill. Two cell lines were tested: U937, which is always sensitive to (IFN-␥)-stimulated monocytes and KG1, which is always resistant. The results of the experiments with KG1 are shown in Figure 5 . Firstly, there was a slight, although not significant, effect of unstimulated monocytes (0 ng/ml MCP-1) on the growth of the tumor cell line. Secondly, none of the three concentrations of 
Figure 5
Effect of preincubation of monocytes with different concentrations of MCP-1 on cytotoxicity against KG1 cells. Monocytes were preincubated for 10 min (a) or 60 min (b) with different concentrations of MCP-1, after which the cytotoxicity of the monocytes against KG1 cells (in E:T ratio 1.0) was determined as described in Materials and methods. The cytotoxicity assay was performed after 24, 48 and 72 h incubation. (c) The same experiment but with MCP-1 present during the whole incubation period. Growth of the KG1 cell line without any addition was taken as the zero control at each time-point. Positive values indicate growth stimulation, negative Figure 4 Migration of monocytes to the supernatants of blasts values growth inhibition compared to the control. Solid bars, 0 ng/ml derived from three different AML patients with or without the addition MCP-1; dotted bars, 25 ng/ml MCP-1; open bars, 50 ng/ml MCP-1; of anti-hMCP1. Solid bars, 0 g/ml anti-hMCP-1; hatched bars, hatched bars, 100 ng/ml MCP-1. Bars represent means ± s.d. of three 75 g/ml anti-hMCP-1; open bars, chemokinesis. The concentration independent experiments. stim, stimulation; c.t., compared to. of MCP-1, assessed by an ELISA assay, is also depicted.
MCP-1 as used with three different incubation schemes affecDiscussion ted this growth, after either 24, 48 or 72 h incubation. The growth of U937 cells was inhibited by unstimulated monoThe present study was undertaken to investigate whether human monocytes had chemotactic activity to supernatants of cytes with 35, 78 and 80% after 24, 48 and 72 h respectively, but this was not further affected by pre-or coincubation with different human leukemic cell lines and, if so, to identify the possible responsible chemokine(s). There was no significant MCP-1 with the three different incubation schemes (not shown).
migration to the supernatants of the lymphatic cell lines. However, there were large differences in the amount of migration MCP-1 itself had no effects on the proliferation of U937 and KG1 cells, or on THP1 and HL60 cells at different concenof monocytes to the supernatants of five human myeloid leukemic cell lines. Since it is known that tumor cells are able trations (not shown). proof of a major role for MCP-1 in the migration of monocytes 461-468. towards these tumor cells. to explore further these findings in patient-derived blasts. an important role for MCP-1 in attracting monocytes towards 333-337. tumor cells. produce low (KG1) or moderate (U937) amounts of MCP-1 3034-3038. during the incubation time while especially HL60 or HL60-12 Yoshimura T, Leonard EJ. Secretion by human fibroblasts of mono-
